Experimental Procedures

Synthesis of Ethylmalonyl-CoA
Synthesis of ethylmalonic acid:
Diethyl ethylmalonate (1 g, 5.3 mmol) in a solution of ethanol (2.4 mL) and 6 M sodium hydroxide (2.4 mL) was allowed to reflux with stirring for 5 hours. The solution was then acidified to pH 2 with 1 M hydrochloric acid (15 mL) and the resulting diacid was extracted with three 20 mL washes of diethyl ether. The combined extracts were dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo to produce a white solid (596 mg, 4.5 mmol, yield=85%). 1 Note that the following synthetic steps were modified from Taoka et. al. 1 
Synthesis of monothiophenyl ethylmalonate:
Ethylmalonic acid (132 mg, 1 mmol) was dissolved in a solution of dimethylformamide (DMF, 10 mL) and thiophenol (0.1 mL, 0.91 mmol) at 0°C. A solution of dicyclohexylcarbodiimide (DCC, 252 mg, 1.22 mmol) in DMF (15 mL) was added dropwise over a period of two hours, and stirring was then continued for three hours. The reaction was quenched with water (10 mL) and gravity filtered to remove precipitated dicyclohexyl urea. This process was repeated three times. The filtrate was then acidified to pH~2.5 using 1M hydrochloric acid, and the monothiophenyl ethylmalonate was extracted with four 100 mL washes of diethyl ether. The combined extracts were then washed with 50 mL 0.1 M hydrochloric acid and concentrated to ~50 mL in vacuo. This concentrated extract was washed twice with 0.2 M sodium bicarbonate, and the aqueous phase was washed three times with diethyl ether (50 mL) to remove traces of thiophenol and dithiophenyl ethylmalonate. The pH of the aqueous layer was adjusted to ~2 with cold 1 M hydrochloric acid, and was then extracted with two 100 mL washes of diethyl ether. The organic extracts were combined and washed with 50 mL brine and dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo to produce a white solid. This solid was then dissolved in dichloromethane and placed at -20°C overnight to allow residual dicyclohexyl urea to precipitate. The supernatant was concentrated in vacuo to produce a white solid (49 mg, 0.22 mmol, yield=24%). 1 
Supplemental Tables
Gene Synthetic DNA Sequence (5' -3') kirCII Table S1 . Codon-optimized sequences used for expression of AT and ACP proteins from the kirromycin synthase. Representative EIC for 0, 1, and 10 µM KirCII complementation experiments. The ratio of different ethyl-6-dEB analogs appears to depend on the KirCII concentration, as evidenced by a corresponding change in relative peak heights. The peak at approximately 15 minutes likely corresponds to the 12-desmethyl-12-ethyl-6-dEB analog.
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